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(57) ABSTRACT

Aircraft landing gear includes a retractable housing compris-
ing an upper leg (11); a lower leg (15) including a wheel axle
(16) slidingly disposed within the upper leg (11) and resil-
iency biassed to an extended condition; a turning collar (18)
rotatably disposed about the housing and having connection
means for a drag stay (17); and a steering collar (19) opera-
tively connected to a steering motor (41) and connected to the
lower leg (15) by a torque link (21, 22); in which the turning
collar (18) is provided with a cam surface (24) which coop-
erates in use with the torque link (21, 22) to maintain the
lower leg (15) with the wheel in the fore-and-aft position
when in the extended condition.

13 Claims, 4 Drawing Sheets
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1
AIRCRAFT LANDING GEAR

This invention relates to aircraft landing gear and in par-
ticular to the nosewheel and leg assemblies of landing gear.

The leg of an aircraft nosewheel is required to be rotatable
about its longitudinal axis, under the control of the pilot, for
imparting steering ability to the aircraft when on the ground.
However, for take-off and landing purposes, it is necessary for
the leg to be locked with the nosewheel in the fore-and-aft
orientation. In the case of some aircraft, it is a requirement,
due to considerations of available storage space within the
fuselage, for the leg and nosewheel to rotate about the longi-
tudinal axis of the leg when it is retracted, so that the wheel
lies with its plane horizontal (or, at least, at a disposition other
than vertical) within the fuselage when in the stored, in-flight,
position. The nosewheel should thus be non-rotatable about
the leg axis for take-off and landing, the leg itself then being
locked so that the wheel is in fore-and-aft alignment, while
being rotatable about the leg axis when the aircraft is on the
ground with the landing gear under compression loading
from the weight of the aircraft.

In a known arrangement, a turning tube which accommo-
dates the slidable piston of a shock absorber is mounted in a
main housing which incorporates trunnion arms and lugs for
attachment of the retraction actuator. The turning tube, to
which the wheel is attached via the shock absorber, is rotat-
able relative to the housing, and has a collar driven by a
steering motor attached to the turning tube, for ground steer-
ing purposes. Rotational movement of the collar is transmit-
ted to the wheel, mounted at the lower end of the shock
absorber piston, by articulated arms forming a torque link. A
drag brace is connected between the aircraft fuselage and lugs
attached to the turning tube below the main housing, the
geometry of the drag brace being such that, as the main
housing is pivoted about the trunnion arms on retraction
under the influence of the retraction actuator, the brace causes
the turning tube to rotate, whereby the wheel twists as it
retracts to assume the intended storage position. With the leg
in the fully-extended position—that is, while the aircraft is in
flight regardless of whether the gear is stored or deployed for
landing—the slidable piston is disposed at the end of'its travel
and engages centring cams inside the turning tube, thus main-
taining the wheel in fore-and-aft alignment ready for landing
and also ensuring that the wheel twists with the taming tube
on retraction. While on the ground, on the other hand, the
weight of the aircraft causes the slidable piston to disengage
from the centring cams, thus allowing the piston, and hence
the wheel, to be rotated for steering purposes.

The incorporation of a turning tube adds to manufacturing
costs and also to weight, since it requires a large forging.
While the turning tube could be replaced by a lighter and
cheaper collar, on which the steering motor would be carried,
the collar would not allow the use of the centring cams. In the
event of loss of hydraulic pressure, the steering motor could
back drive and allow the gear to retract with the wheel out of
position, or allow the gear to become lowered without the
wheel being in fore-and-aft alignment.

It is an object of the present invention to provide aircraft
landing gear which avoids the problems as discussed above.

In one aspect, the present invention provides aircraft land-
ing gear including a retractable housing comprising an upper
leg; a lower leg including a wheel axle slidingly disposed
within the upper leg and resiliently biassed to an extended
condition; a turning collar rotatably disposed about the hous-
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ing and having connection means for a drag stay, and a steer-
ing collar operatively connected to a steering motor and con-
nected to the lower leg by a torque link; in which the turning
collar is provided with a cam surface which cooperates in use
with the torque link to maintain the lower leg with the wheel
in the fore-and-aft position when in the extended condition.

The drag stay, when connected between the connection
means and the aircraft fuselage, preferably comprises upper
and lower arms joined by an elbow which is releasably lock-
able, for example by means of an over-centre lock, when the
arms are in alignment and the landing gear is in the lowered
condition. The drag stay is fitted at an acute angle to the
fore-and-aft aircraft axis so that, on retraction of the landing
gear by pivoting of the housing about a lateral axis under the
influence of an actuator attached to a retraction lug formed on
the housing, the elbow joint is released from its locked con-
dition and folds while exerting a sideways, and hence turning,
force on the turning collar. Since, on retraction of the gear, the
lower leg is in the fully extended condition, the turning force
is transmitted to the lower leg through the torque link, the cam
surface of the turning collar acting in cooperation with the
torque link to maintain the lower leg with the wheel fixed in
the fore-and-aft position relative to the turning collar.

Preferably, the steering motor is mounted on the steering
collar and engages with pinion teeth attached to the turning
collar, whereby the motor rotates relative to the housing and
turning collar when the gear is steered. The length of the
taxiing collar and of the steering collar may thus be reduced,
resulting in lighter-weight components having reduced
manufacturing costs. Especially if the steering motor is of the
rack and cylinder type, it can be mounted on the steering
collar so as to pass below the drag stay when the gear is
steered to adopt the tightest turn angle.

The cam surface of the turning collar is preferably provided
atthe periphery of a cam plate formed as an integral part of the
turning collar and the torque link includes a cam follower
which engages with the cam surface when the lower leg is in
the fully-extended or nearly-extended condition.

The cam surface may comprise a linear or flat chordal
surface of the periphery of the cam plate, the remainder of the
periphery defiling a major arc, in which case the cam follower
comprises a flat surface, which may be notional or actual, the
respective flat surfaces meeting and being maintained in con-
tact by the resilient bias acting to extend the lower leg, to
retain the leg in the intended position relative to the taming
collar. The cam follower may be provided with a notional flat
surface by means of a pair of contact pads or protrusions
formed on the upper arms of the torque link and which
together bear on the flat surface of the cam plate when the
lower leg is in the intended position relative to the turning
collar. Alternatively, the cam surface may comprise a profiled
peripheral surface to part of the cam plate, the remainder of
the periphery defining a major arc, the profiled surface incor-
porating a shallow notch or depression and the cam follower
comprising for example a finger or roller which locates in the
notch or depression to maintain the intended relative posi-
tions of the lower leg and the turning collar.

Embodiments of the invention will now be described by
way of example with reference to the accompanying draw-
ings, of which:

FIG. 1is a perspective view on an aircraft nosewheel land-
ing gear assembly in the load-compressed condition;

FIG. 2 is a perspective, view of part of the gear shown in
FIG. 1 in the extended condition;
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FIG. 3 is a cross-sectional fragmentary view of the assem-
bly shown in FIGS. 1 and 2; and

FIG. 4 is a fragmentary cross-sectional view of an alterna-
tive embodiment to that shown in FIGS. 1 to 3.

Referring firstly to FIGS. 1 to 3, the landing gear consists
essentially of a main housing 11 including trunnion arms 12
terminating in attachment lugs 13 for pivotal attachment to
the aircraft fuselage and lugs 14 for attachment of a retraction
actuator (not shown). The main housing 11 accommodates
the cylinder of a shock absorber, the piston 15 of which carries
at its lower end a wheel axle 16. The piston is biassed to the
extended position. The lower arm 17 of a drag stay, the upper
arm of which is attached to the fuselage at a location displaced
from the centre line thereof, is attached to a turning collar 18
rotatably mounted around the lower end of the main housing
11. A steering collar 19 is rotatably mounted about the turning
collar 18 and carries a steering rack 20, the teeth of which
mesh with pinion teeth formed around the turning collar 18.
The steering collar 19 is connected to the lower leg consti-
tuted by the piston 15 by a torque link consisting of articulated
upper and lower arms 21, 22.

In another embodiment, the pinion teeth are formed on the
steering collar 19 and the rack is carried by the turning collar
18. In the former arrangement, the rack rotates with the steer-
ing collar relative to the turning collar and beneath the lower
arm 17 of the drag stay, whereas in the latter arrangement the
rack is non-rotatable with respect to the turning collar.

The steering collar 19 is formed with an annular disk 23
which constitutes a cam plate, the peripheral profile being that
of'a major arc the ends of which are joined by a flat camming
surface 24. The upper arms 21 of the torque link are provided
with internally-facing protrusions or pads 25 which, when the
leg is fully axially extended (that is, when the aircraft is
airborne and no weight is transmitted to the wheel) make
contact with the cam surface of the cam plate 23, as shown in
FIG. 2.

In the arrangement shown in FIGS. 1 to 3, the steering
motor attached to the steering collar is hydraulically-driven
and is ofthe rack and cylinder type, the rack operating linearly
and meshing with pinion teeth attached to the turning collar,
whereby on actuation of the steering gear the rack turns with
the steering collar and is disposed below the drag stay, as
shown in FIG. 3. However, an alternative arrangement is
shown in FIG. 4, according to which the hydraulically-driven
rotary motor 41 is mounted on the turning collar 42 and has an
output pinion 43 the teeth of which mesh with pinion teeth 44
formed around the steering collar 45. In other respects, the
arrangement of FIG. 4 is similar to that illustrated in FIG. 1to
3 and the same reference numerals have been used where
appropriate.

Inuse, the landing gear when retracted in flight will already
be in the fully-extended condition since the resilient bias
urging the lower leg downwardly from the cylinder will be
operative in the absence of compression loading on the leg
from the weight of the aircraft. Furthermore, the nosewheel
will be in the fore-and-aft position following take-off. The
gear will thus be in the position illustrated in FIG. 2, with the
pads 25 of the torque link upper arm in contact with the flat
cam surface 24 of the cam plate 23. During retraction of the
nosewheel and as the action of the drag stay 17 causes the
turning collar to rotate as the main, housing pivots about the
lugs 13, the lower leg 15 will be constrained to rotate with the
turning collar, thus maintaining the nosewheel in the correct
orientation with respect to the turning collar during storage in
the fuselage bay so that, on lowering of the landing gear in
preparation for landing, the nosewheel will be deployed still
in the fore-and-aft condition. Having landed and with the
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weight of the aircraft acting to compress the landing gear, the
arms 21, 22 of' the torque link are pivoted towards each other
and the pads 25 become disengaged from the cam surface 24
of the cam plate 23, thereby rendering the gear steerable by
means of the steering motor 20. In other words, with the
aircraft on the ground, the steering collar 19 can rotate inde-
pendently of the turning collar 18. If, with the leg in the
extended condition, the steering motor were to become acti-
vated to turn the lower leg, the camming arrangement would
allow this to happen but, equally, would allow the steering
motorto be activated to return the lower leg to the fore-and-aft
position of the nosewheel, whereafter the camming arrange-
ment would maintain the lower leg in such position.

As an alternative to a flat cam surface 24, with a pad 25
formed on each side of the upper arm 21 of the torque link,
thus providing a notional flat cam follower surface, the cam
plate could be provided with a shallow, radially inwardly-
directed notch or groove bounded on each, side by rounded
shoulders merging with the arcuate surface of the remainder
of'the annular cam plate. The cam follower would be centrally
disposed between the sides of the arm 21 of the torque link
and would comprise a finger or a roller, to engage and be
retained in the notch, the inwardly-sloping parts of the shoul-
ders on each side providing a positive centring force for the
cam follower and, hence, for the lower leg. Sufficient bias
force is provided by the bias on the lower leg tending to the
extended position, whereby the torque link is urged to the
open position and the pads 25 or other cam followers are
urged against the cam surface of the cam plate 23.

The invention claimed is:

1. Aircraft landing gear including a retractable housing
comprising:

an upper leg;

a lower leg including a wheel axle slidingly disposed
within the upper leg and resiliently biased to an extended
condition;

a turning collar rotatably disposed about the housing and
having connection means for a drag stay configured to
exert a rotational turning force on the turning collar
during retraction of the landing gear; and

a steering collar operatively connected to a steering motor
and connected to the lower leg by a torque link, in which
the turning collar is provided with a cam surface which
cooperates in use with the torque link to maintain the
lower leg with a wheel in the fore-and-aft position when
in an extended condition.

2. Landing gear according to claim 1, in which the wheel
axle has a wheel mounted thereon, the plane of the wheel
adopting a non-vertical stowed position within the aircraft
fuselage in flight.

3. Landing gear according to claim 1, in which the drag stay
comprises upper and lower arms joined by an elbow which is
releasably lockable when the arms are in alignment and the
landing gear is in the lowered condition.

4. Landing gear according to claim 3, in which the drag stay
is fitted at an acute angle to the fore-and-aft aircraft axis so
that, on retraction of the landing gear by pivoting of the
housing about a lateral axis, the elbow joint is released from
its locked condition and folds while exerting a turning force
on the turning collar, whereby the wheel mounted on the
lower leg is caused to adopt the non-vertical stowed position
within the aircraft fuselage in flight.

5. Landing gear according to claim 1, in which the steering
motor is mounted on the steering collar and engages with
pinion teeth attached to the turning collar.
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6. Landing gear according to claim 5, in which the steering
motor is mounted on the steering collar so as to pass below the
drag stay when the gear is steered to adopt the tightest turn
angle in use.

7. Landing gear according claim 1, in which the steering
motor is mounted on the turning collar and actuates rotation
of the steering collar.

8. Landing gear according to claim 1, in which the cam
surface of the turning collar is provided at the periphery of a
cam plate formed as an integral part of the turning collar, the
torque link including a cam follower which engages with the
cam surface when the lower leg is in an extended condition.

9. Landing gear according to claim 8, in which the cam
surface-comprises a linear or flat chordal surface of the
periphery of the cam plate, the cam follower comprising a flat
surface.

10. Landing gear according to claim 9, in which the flat
surface of the cam follower comprises a notional flat surface
provided by a pair of contact pads or protrusions formed on
the upper arms of the torque link and which together bear on
the flat surface of the cam plate when the lower leg is in the
intended position relative to the turning collar.

11. Landing gear according to claim 8, in which the cam
surface comprises a profiled peripheral surface to part of the
cam plate, the profiled surface incorporating a notch or
depression and the cam follower comprising means for locat-
ing in the notch or depression.
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12. Aircraft landing gear including a retractable housing

comprising:

an upper leg;

a lower leg including a wheel axle slidingly disposed
within the upper leg and resiliently biased to an extended
condition;

a turning collar rotatably disposed about the housing and
having connection means for a drag stay; and

a steering collar operatively connected to a steering motor
and connected to the lower leg by a torque link, in which
the turning collar is provided with a cam surface which
cooperates in use with the torque link to maintain the
lower leg with a wheel in the fore-and-aft position when
in an extended condition,

whereby on retraction of the landing gear the turning force
exerted on the turning collar by the drag stay is trans-
mitted to the lower leg through the torque link, the cam
surface of the turning collar acting in co-operation with
the torque link to maintain the lower leg with the wheel
fixed in the fore-and-aft position relative to the turning
collar.

13. Landing gear according to claim 12, wherein the drag

stay is configured to exert a rotational turning force on the

25 turning collar during retraction of the landing gear.



